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CTitle of the Invention] 

CHROMATOGRAPHIC TECHNIQUE AND CHROMATOGRAPHIC PACKING TO 

BE USED THEREIN 
[Abstract] 

CObject] To provide a chromatographic technique with the 
use of a chromatographic packing by which a biological factor 
(protein. DNA , glycolipid, etc.) or a cell can be separated or 
purified by controlling its interaction with the surface of a 
solid in an aqueous system by an external signal (for example, 
temperature) . 

CCons t i tut i on] 

A chromatographic technique for separating a solute by 
using a packing wherein the hydrophi 1 i c-hydr ophobi c balance on 
the surface of a stationary phase can be changed by an 
external signal while fixing the mobile phase to an aqueous 
system. More particularly, a chromatographic technique with 
the use of a chromatographic packing wherein the surface of a 
carrier having amino groups, carboxyl groups, hydroxyl groups 
or the like on the surface is chemically modified with a 
polyalkylacrylamide having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer of the same. 
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[Claims] 

CClaim 11 A chromatographic technique characterized in 
that a solute is separated by using a packing wherein the 
hydrophl 1 i C'hydrophobi c balance on the surface of a stationary 
phase can be changed by an external signal while fixing the 
mobile phase to an aqueous system. 

CClaim 2] A chromatographic technique as claimed in Claim 
1 wherein said external signal is a change in temperature. 

CClaim 33 A chromatographic technique as claimed in Claim 
1 wherein said solute is a biological factor or a cell. 

CClaim 4] A chromatographic technique as claimed in Claim 
1 wherein said packing is a chromatographic packing wherein 
the surface of a carrier is chemically modified with a 
polyalkylacry lamide having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer of the same. 

CClaim 51 A chromatographic technique which comprises 
retaining a solute by a stationary phase comprising a 
chromatographic packing wherein a carrier having amino groups* 
carboxyl groups^ hydroxyl groups or the like on the surface is 
chemically modified with a polyalkylacry lamide having a 
terminal amino, carboxyl or hydroxyl group or the like or a 
copolymer of the same; and allowing the solute to pass through 
a single mobile phase while changing the hydrophilic- 
hydrophobic balance on the surface of the stationary phase by 
the temperature gradient method or the temperature-step 
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gradient method wherein the external temperature is varied 
stepwise to thereby separate the solute. 

[Claim 61 A chromatographic technique as claimed in Claim 
5 wherein said mobile phase is an aqueous solvent. 

CClaim 7] A chromatographic packing wherein a temperature 
responsive polymer has been introduced onto the surface of a 
car r i er . 

IClaim 83 A chromatographic packing as claimed in Claim 7 
wherein said temperature r espons i ve po 1 yme r is a 
polyalkylacrylamide having a terminal amino* carboxyl or 
hydroxyl group or t.he like. 

CClaim 9] A chromatographic packing as claimed in Claim 8 
wherein said p o 1 ya 1 ky 1 ac r y 1 am i de is one selected from among 
poly (N^isopropylacrylaroide) , polydiethylacrylamide and 
polyacryloylpyrrolidine. 

CClaim 10] A chromatographic packing wherein the surface 
of a carrier having amino groups, carboxyl groups , hydroxy 1 
groups or the like is chemically modified with a 
polyalkylacrylamide having an amino, carboxyl or hydroxyl 
group or the like or a copolymer of the same. 
CDetailed Description of the Invention] 

cooon 

CField of Industrial Application! 

This invention relates to a chromatographic technique 
with the use of a chromatographic packing by which a 
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biological factor (protoln, DMA, glycolipid, ate.) or a cell 
can ba separated or purified by controlling the interaction 
between the surface of a solid and cell membrane in an aqueous 
system by an external signal (for example, temperature). 
C00023 

In recent years^ high performance liquid chromatography 
(HPLC) has been employed in the separation and purification of 
many substances, since various combinations of mobile phases 
and stationary phases can be appropriately selected therein 
depending on the sample. In the conventional chromatographic 
techniques, however, the interaction between a solute 
contained in the mobile phase and the surface of the 
stationary phase is induced by changing not the surface 
structure of the stationary phase but a solvent in the mobile 
phase. In HPLC employed in a number of fields, for example, 
carriers such as silica gel are employed as the stationary 
phase while organic solvents such as hexane, acetonitrile and 
chloroform are employed as the mobile phase in the case of 
normal phase columns. In the case of reversed phase columns 
wherein silica gel derivatives separated in an aqueous system 
are employed as carriers, on the other hand, use is made of 
organic solvents such as methanol and acetonitrile. 
[0003] 

In ion exchange chromatography with the use of anion 
exchangers or cation exchangers as the stationary phase. 
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eubstancQs are separated by changing the xternal ion 
concentration or ion type. With the recent rapid progress in 
genetic engineering, etc., it has been expected to use 
physiologically active peptides, proteins, DNAs and the like 
in various fields including the pharmaceutical field. Thus it 
is a very important problem to separate and purify these 
substances. Among all, there has been a great increase in the 
necessity for techniques for separating and purifying 
physiologically active substances without damaging the 
activities thereof. 
C0004] 

However, the organic solvents, acids, alkalis and 
surfactants employed in the conventional mobile phases would 
damage the activities of physiologically active substances 
and, moreover, contaminate the same. It is therefore expected 
to improve this system. From the viewpoint of avoiding 
environmental pollution due to these substances, it has been 
also required to establish a separation and purification 
system without using these substances. 
C0005] 

CProblems to be Solved by the Invention] 

Under these circumstances, the present inventors have 
conducted extensive studies to satisfy the above-ment i oned 
requirements. As a result, they have successfully developed a 
technique wherein separation and purification are achieved by 
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changing the interaction betwe n a solute and the etationary 
phase surface by changing not the mobile phase but an external 
condition such as temperature, thus completing the present 
invention. Accordingly, the present invention aims at 
providing a chromatographic technique wherein separation and 
purification can be achieved with the use of a mobile phase of 
a single aqueous system by reversibly changing the surface 
characteristics of the stationary phase due to changes In an 
external condition/ and a packing which is to be used as the 
stationary phase in this chromatographic technique. 
1100063 

CMeans for Solving the Problems] 

The gist of the present Invention resides in a 
chromatographic technique for separating a solute by using a 
packing wherein the hyd r oph i 1 i c-hydr ophob i c balance on the 
surface of a stationary phase can be changed by an external 
signal while fixing the mobile phase to an aqueous system^ 
more particularly, a chromatographic technique with the use of 
a chromatographic packing wherein the surface of a carrier 
having amino groups^ carboxyl groups, hydroxyl groups or the 
like on the surface is chemically modified with a 
po 1 ya 1 ky 1 ac r y 1 ami de having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer of the same. 
According to the present invention, namely, a biological 
factor such as a protein or cell is adsorbed onto hydrophobic 
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surface by al^yating the external temperature to the critical 
temperature or above and then the temperature is lowered. 
Thus the biological factor can be separated or peeled off. 
Since no chemical (organic solvent, acid, alkali, surfactant^ 
etc.) is employed in this process, the chromatographic system 
can be prevented from the contamination with these chemicals.. 
Moreover, this technique is applicable to separation similar 
to analysie while sustaining the function of the protein or 
cell. 
C0007] 

By the conventional chromatographic techniques, it is 
highly difficult to separate and analyze samples containing 
various compounds, in particular, two or more samples largely 
differing from each other in polarity in a single mobile 
phase. Thus it takes a very long period of time to complete 
the separation. To deal with such samples, therefore, it has 
been a practice to employ the solvent gradient method or the 
step gradient method wherein the amount or type of organic 
solvent(s) is continuously varied with the passage of time to 
thereby separate the solute. In the temperature gradient 
method or the step gradient method of the present invention, 
in contrast, separation can be similarly achieved by 
continuously or stepwise varying the column temperature in a 
single mobile phase without using any organic solvent. By 
using such a method, it becomes possible to separate proteins. 
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cell8« Btc. while sustaining the functions thar of and 
preventing the contamination with the above*ment i oned 
impurities. Moreover, the desired component can be separated 
within a. short period of time by controlling the temperature, 
C0008] 

The chromatographic packing to be used in the present 
invention is one having a temperature responsive polymer 
introduced onto the surface thereof. Thus the hydrophilic- 
hydrophobic balance on the surface of the packing can be 
changed depending on, for example, temperature changes. In 
this packing^ therefore, the carrier surface is chemically 
modified with a temperature responsive polymer^ for example, a 
polyalky lacry lamide having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer thereof. Examples 
of this chemically modified packing include those obtained by 
chemically modifying silica carriers having functional groups 
such as amino, carboxyl or hydroxyl groups on the surface with 
the above*ment i oned polyalkylacrylamides or copolymers 
thereof. Particular examples of the silica carriers having 
functional groups such as amino, carboxyl or hydroxyl groups 
include aminopropyl silica gel, Amino Saphadex, aminoglass and 
ion exchange resins. As the po 1 yal ky 1 ac r y 1 ami de to be used in 
the present invention, it is preferable to select one from 
among poly (N-i sopropy lacrylamide) , polydi ethyl eneacrylami de 
and polyacryloylpyrrolidine . That is to say, the structural 
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formulae of the polyalkylacrylamide or its polymer preferably 

employed In the present invention are as follows: 

C00093 

CChemical formula 1] 
Polyalkylacryl amide 



t 





MyCacrylroylpyiDUdioe) 
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[0010] 

CCh«inical fornula 2] 

Capoly4Mer 




CL\ky\ a.cy y{ Ate ( 1=1^20} 

CH2 — 9 

COOC|Hai«i 



A ^ 

9"3 



CH2 — 9- 



COOC e e ♦I 



tOOll] 

Slnc« poly (N'*! sopropy lacrylamids) hag a lower limit 
critical tafflperature of 32 a carrier chamically modified 

with its molecules undergoes changes in the surface 
characteristics (hydrophi lic/hydrophobic) at this critical 
temperature. When the surface of a chromatographic packing is 
grafted or coated therewith, therefore, the capability of 
retaining a sample varies depending on temperature. Thus the 
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retention behaviord can be contcollad depanding on tamparatura 
without changing the composition of tha aluant. The lower 
limit critical temperature exceeding 32 can be achieved by 
copo 1 yme r i zi ng i sopcopylacryl amide with a monomer superior in 
hydrophilic nature to it, for example, acrylamide» methacrylic 
acid, acrylic acid, dime thy 1 aery 1 ami de or v i ny 1 pyr r o 1 i done . 
Also, a lower limit critical temperature of 32 or below can 
be achieved by copo 1 yme r i zi ng isopropy lacrylami da with a 
hydrophobic monomer such as styrene^ alkyl methacrylate or 
alkyl acrylate. 
C0012] 

Because of having a lower limit critical temperature of 
about 30 to 32 , po 1 yd i e t hy 1 ac r y 1 ami de undorgoep changes in 
the surface characteristics Chydrophl 1 i c/hydrophobi c) at this 
point. Thus its capability of retaining a sample can be 
controlled by varying the temperature, similar to the above- 
mentioned case of poly(N*isopropylacryiamide) . Tha novel 
chromatographic packing employed in the present invention can 
be prepared by chemical modification or polymer coating. As a 
means of the chemical modification, use can be made of two 
methods, i.e., surface grafting and radical polymerization. 
In the coating method, the polymer is i ns o 1 ubi 1 i zed at a 
temperature falling within the application range and then 
sub5ected to coating. Pig. 1 i 1 lust rates thi a method. Now, 
an example of the means for producing the chromatographic 
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packing of the present invention will be described by 

reference t the following chemical formula. 

[0013] 

CChemical formula 3] 



^1 



CO 



CO 



N-f-CHcCHtS 




C0014] 

N-Isopropy lacry lamide monomer (1>, 2«2*-azobis- 
( i sobutyr oni t ri 1 e) (abbreviated as AIBN) and 3-nercapto- 
propionic acid (abbreviated as MPA) are dissolved in a solvent 
N,N-dimethylf ormamide. After f reeze-degass i ng with the use of 
liquid nitrogen, these monomers are polymerized by 
telomeri zat i on at 70 ±1 , Then the mixture is concentrated 
and precipitated from diethyl ether to thereby give poly(N' 
i sopropylacry lamide) (2) having a terminal carboxyi group. 
The crude product is purified by d i s s o 1 ut i on-r epr ec i p i ta t i on . 
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Then it is introduced into a desiccator containing silica gel 
and dried at ordinary temperatures under reduced pressure. 
Then it is dissolved in dry ethyl acetate and d i eye 1 ohexy 1 - 
carbodi imi de (abbreviated as DCC) and N-hyd r oxy succ i ni mi de are 
added thereto. After reacting at room temperature to thereby 
convert the carboxyl group of the poly (N-i sopropy lacry lami de) 
into an active ester/ it is concentrated and dropped into 
diethyl ether for precipitation. Hext, it is dried at 
ordinary temperatures under reduced pressure to thereby give 
acti ve-esteri f i ed po 1 y (N- i s opr opy 1 ac r y 1 ami d e ) (3) . The 
obtained product is dissolved in purified water and a carrier 
having amino groups is added thereto. Then these substances 
are reacted together to thereby form an amide bond. Thus a 
carrier (4) graft*coated with po 1 y (N- i s op r opy 1 ac r y 1 ami de) is 
obtained. By using the carrier of the present invention, 
physiologically active proteins, cells, etc. can be separated 
and purified. Particular examples thereof include bovine 
serum albumin, I gG , fibrinogen, fibronectin, transferrin and 
blood coagulation factor. 
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